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SUMMARY

Results are presented to show the effects on the flutter ckacter-
1sties of mounting concentrated weights at various positions on an
untapered wing nndel. The mdel was munted as a rigid centllever and
was tested @ th concentrated weights that were 38, 60, 90, and 100 percent
of the wing weight. The nmk?mt of inertia, the chordwise position of the

. weight, and the spanwise position of the weight were varied. In several
tests, an end plate was used, which was believed to change the aerodynamic
aspect ratio of the wing. The effects of these variations on the flutter

.
characteristics are presented in a form which may be conveniently used
for correlation with theoretfcal resuits.

INTRODUCTION

Airplane desigu trends are leading to the placement of heavy
concentrated masses on the outer wing panels and somtimss on the wing
tip. Present-day flutter analysis is based on many simplifying assuq+
tions end, with the inclusion of these concentrated masses into the
problem, the analytical solution is at best approximate. Experimental
verification of these simplifying assumptions is needed for more accurate
design criterions. The purpose of this paper is therefore to present a,
consistent series of flutter tests made on a sfmplif”iedstructure in order
that the assumptions made in the various fundamental analyses may be
evaluated.

Dynamically similar models of full-scale airplanes are sometimes used
for flutter testing, but the production of such models is exceedingly
difficult. For this reason simplified nndels that could be built, tested,
and snalyzed nnre easily are being used to study the assumptions in the
theoretical analysis. The mdel wing used for this series of tests was a

. straight, untapered, cantilever wing having uniform prqxmties the entire
length of the wing. Concentrated weights differing in mass and moment of
inertia were mmed chordwise and spsnwise on the wing. Because of the

. simplicity of constm.zctionof the mdel, no attempt has been made to
indicate the nxxt favorable location for a concentrated weight from

—
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considerations of the flutter characteristics of en actual wing. In B

order to obtain further information about the character of the air forces,
an unattached end plate was Installed at the tip for a few tests. The
effect of the end plate was to ticrease the aerodynamic aspect ratio.

The flutter tests ~esented. hereti were made in the k.~-foot flutter
tunnel on a single model =a required almost 100 separate runs. The model
did not change its properties throughout tie progrem.
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SYMBOIS

weight of wing model, pounds

weight of concentrated weight, pounds

length of wing model, feet

half choti of wing nmdel, feet

mass mommt of inertia
inch-pound-second2

mass moment of inertia

inck~und+e cond2

mass moment of inertia

of weight about wing elaetlc axis,

of wing about center of gravity,

of wing about elastic axis, inch-paund-secmi2

bending rigidity of wing, pound-inches2

torsional rigidity of wing, pound-inches2

density of testing nwdium, slugs per cubic foot

mass of wing per unit length

nondhiensioml radius of gyration relative to el.astic

(F)

1~
axis

12Zmb2

distance between elastic axis of wing and center of ~avlty of
weight referred to half chord

natural first bending frequency at zero airspeed~ cycles per
second

natural second bending frequency at zero airspeed, cycles per
second
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natural first torsional frequency at zero airspeed, cyclee per
second

flutter frsquency, cycles per second

Indicated airspeed at flutter, feet per second ‘

true afrspeed at flutter, feet per second

-= nat~~ ffrst tirsional f~quencyat zero alrapeed,
radians per second (2tit)

-= fluttir fnquency, radians per second (23&f)

nondinmsional reference fluttm.-velocity coefficient

reduced wave length at flutter

-1= natural first be~df~ frequency at zero airspeed,
-1 radians per second

.
%2

~arnatmal- second
radians pr second

Subscript:

(2’%) -
bending frequency at zero airsped,

( %)
2xf

w refers to the corresponding properties or paramters of the
concentrated weights

APPARATUS

The Langley k.>foot flutter research tunnel was used for this
series of tests. This tunnel is unusual in that the testing nmilumused
may be either air or Freon-12 or &ny mixture of the two at any pressure
from 30 inches of ~rcury to 4.3 inches of mmxry, absolute. Utilizing
this feature -es it possible to vary the mass ratio K, lkch number,
and Reynolds number (each independently) for a given wing over a large
rsnge of values.

. The mdelwing, built of balsa wood with a duralumin insert, had
a ~&inch length and an 8-inch chord and was mmntad vertically as a

.
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rigid cantilever from the top of’the test sectia as shown in figure 1.
This type of mounting resulted in synmtrical flutter or a flutter
involving no knding or torsionsl deflections of the root. A cross-
sectional view of the wing is given in figure 2 md the wing properties
were as follows:

Chord, inches. . . . . . . . . . . . . . . . . . . . . . . . . . . .8
Length, inches . . . . . . . . . . . . . . . . . . . . . . . . . . k8
Aspect ratio(geomtrlc) . . . . . . . . . . . . . . . . . . . . . 6
Taper ratio. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Airfoil section. . . . . . . . . . . . . ● . . . . . . . . NACA16010
W,pounds. . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.48
1~, inch-pound-second2. . . . . . . . . . . . . . . . . ...0.0382

lW ~ inch-pound+cond2. . . . . . . . . . . . . . . . . . . . 0.0384
/

El, pOWld-illCh3E2

w, pound-inchesz

ra2 . . . . . . .

* (standard air,

. ..-. ● .000 .O*C* ● **.* .0.1407 x loo

● ***** ● **999 ● 9.9** ● * 0.0692 x 106

. ..0.0 .***.* .*49*,* .*.*** 0.266
.

nowei~t) . . . . . . . . . . . . . , . . . . 32.6

The bending rigidity and torsional rigidity were determined exprimntally -
from the static deflection curves of the w- in bending and torsion.

Weights which were approz5mately 38, 60, gO, and 100 percent of the
wing weight (fig. 3) www used and the weight paramters (ratio of mass
of weight to wing mass, distance of weight center of gravity from wing
oenter of gravity in percent of the half chord, and the ratio of the
pokrmcmnts of inertia] are given in table 1.

TIM variation of weight 7from7ato 7f (fig. 3(g)) was obtainedby
moving the seineweight ohordwise m the weight support. This procedure
zwsulted in maintaining the weight for all tests with weight 7 essentially
constant while changing the mass momnt of inertia about the wing elastic
axis and the chordwise position of the center of gravity.

A high-speed motion-picture came~ that was used to record the
oscillations of the wing during flutter was situated outside the tunnel
for ease of access as shown in figure 4. The csmra had a film speed of
120 frames per second. Two examples of pictures taken with this camra
are shown in figure 5. lt is interesting to note the change in the
shape of the flutter mode between the two cases, where the one case has
a tip weight (weight 6,run35; see table II] snd the other a weight
close to the midspan (weight 5, run 31; see table =). .

Vibration records of the bending and torsional oscillations of the
wing during flukter were obtained electrically by ths use of strain gages
mounted on the wing as shown in figure 1. The white squares indicate



bending gages and the circles indicate torsional gages. The strain gages
feed through a system of brims and simplifiersto a recording oscillo-
mph.

The installation of the unattached end plate is shown in figure 6.
The plate was so adjusted that the clearance between the plate and the
wing was small in order to reduce as much as possible any air flow around
the wing tip. With this installation, the aerodynamic aspect ratio was
believed to be increased. In order to prevent destruction of the wing
as a resuit of divergence, zwstraining wins were attached from the tunnel
walls to the wing quarter chord at the tip. These tires had sufficient
slack in them to permit adequate smplitude in flutter but still to save
the wing when divergence occumwd.

TEST FmcEmRE
-.

Since flutter is a destructive phenomnon, recognition of flutter,
recording the necessery data, and reduction of the airspeed must be
accomplished in a very short Interval of time to prevent damage to the
model. hcxwases in the airspeed during the run were made slowly and,
at speeds close to the point of flutter, airspeed incremmts of the order
of one tile per hour were necessary. When flutter occurre& the recording
oscillo~aph and movie c-ra were operated and the tunnel conditions
were observed and recorded as shown in table II. For most runs, the
natural frequencies were tabulated both before and after the actual run
to determins whether the wing had been damged by flutter. The remarks
in table II regarding the flutter characteristics em based shost
entirely on visuel obsemations made at the tim of the run and since
the observer, because of the sudden and violent occuzwnce of flutter,
was printipslly concerned with saving the -1, these remarks are
inclined to be =bitrary.

I?Esu13s

The results of this investigation are presented to show the effect
on flutter paramters of spanwise and chordwke variation of concentrated
weights over the wing (f%gs. 7 to 26]. In all plots, the vsrious flutter
parameters are presented as functions of the spanwise position of the
concentrated weight from root to tip, with individual curves representing
distinct chordwise weight positions. The flutter paramters are given as

. ratios of values obtained with concentrated weights at a given location to
similar values obtained with the unweighted wing.

.
E~tion of the flutter-speed ratio (figs. 7 snd 8) reveals a

general reduction followed by an incrwase tn flutter speed for ~
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chordwise weight positions
tip. However, for weights

NA(X TITNo. ‘1594

as the spe.nwise posttions vtmled from root to
located fomnmd of the - center of ~avit~

(weights 4 and 6 h ffg. 7; wd.ghts 7a, n, 7C in fig; 8), a dive&nce”
region was found which was a function of the mass of the weight and its
chordwise location. The mom forward the weight center of gravity and
“thegreater the mass, the wider the divergence rwglon. With the excep-
tion of wei@t 7c, flutter occurred with each of these forward weights
located at the tip but appeared to approxlmxbe a second bending mode;
whereas, for the inboard positions of these weights, the flutter mode
was closer to a ffret bending mode.

For weights located rearuard of the wing center of gravity (weight 5
in fig. 7 and weight ~ h fig. 8), flutter was obtained at all spanwise
posftions with no change in flutter mode evident at any point. Of special
interest regarding these rearward wetght positions is the reduction that
they caused in the flutter spwl.

*
The dotted curve in figure 7 shows the effects of the end-plate

Installation on the flutte~ed ratio for weight 6. With this plate
in the tumnel the flutter speed droppd ~ percent for the unweighed wing
and 15 percent for the wing with weight 6 at the 4>pmcent-span positicm.
With the weight at the tip the flutter speed was reduced 6 percent but a
more tnteresting phenomena than this ~duct ion was the shift in flutter
mode resulting frcun the presence of t~ @ate. Flglwes 9 and 10 are parts
of the oscillogmph records taken during flutter. fi figure 9, the
bending t-es am seen to be appmximate4180°out or phase, whamas
in figutw 10 they are approxha tely in phase. An examination of the
records of the natural freqmncies at zero airspeed indicated that when
first bending was excited, the bending traces were a~roximately 1bo out
of phase and that, when second benMng was excited, they were approxhtely
in phase. Thus, contparisa of the records h figures 9 and 10 with the
records of the natural frqtwncles at zero airspeed shows that, with the
end plate installed in the twmel, there was a first bending mode in the
flutter record and that, without the end plate, a second bending mode
was evident in the flutter record. Ho appreciable char@ in the flutter
frequency occurred with or without the addition of the end plate.

The variations of fluttemlocit y coefficient ~ with reduced

*
wave length ~ for all weight positions ~ shown in figures 11 to 14.

%

The naturel torsional- and flutter-frequency ratios for all weight
positions are given in figures 15 to 18. Of interestam thediffe~nt
shapes fn the fhtte=requency curves for weight 6 h figure16 and
weight~ in figure 18 compared with those of the other weight positions.

.

.

.

.
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d First end second bendin#req~noy ratios are given for all weight
positions in figures 19 to 220 The general rise in the second bending
curves occumed in
Wimg.

curves of the
and @3COIld+_

the vicinity of the second bending node of the unsreighted

ratio of first+ending frequency to torsion frequency ‘
frequmcy to torsion frequency am given in figures 23

to 26. Of interestis the sharp difference in the shapes of the curves
for both fo~ and nxrward weight positions (weights 5 end 6 in
figwces 23 and 24; ~ights 7a and 7f in f@res 25 ~d 26). ITo curves

are given to show the effect of the end plate on the natural frequency
in figures 19 to 26 because this effect was negligible.

coNcmDsNGREMARKS

The results have been ~ted of almost 100 flutter tests in which
concentrated weights were mounted. rigidly to a straight cantilever wing.
The momnt of inertia and mass of the weights were varied and the weight
position was v=ied chordwise and spanwise. During the entire series of
flutter tests the elastic properties of. the whg did not materially change..
The results were presented in the form of cnum’esthat show the effects of
vszying concentrated weights on the various flutter parameters.

At the present tim the= exist several snslybical nmthods of approach
to the problem of flutter in wings with concentrated weights. The flutter
data presented provide infofition from which the validity of these pr-
cedures may be evaluated by c-son with e~r~ntal nsults.

Langley Memorial Aeronautical Laboratory
National Advisory Conmittee for Aeronautics

L9n@.ey Field, Va., I?oveniber19, 1947
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TABLEI

colic~ WEIGEI!CHKRACTERISI’ICS

Weight

1

2-

3

4

5

6

7a

P

7C

7d

7e

7f

WY

w—

0.636

.625

● 375

.636

.636
.

1.040

.917

.931

.940

.946

.954

.917

(3
0.039

.039

-.o~

-.625

●687

-.937

-.818

-.578

-.360

-.140

.03k

.500

g

1.40

.883

●514

1.91

2.68

7.%

4.26

2.86

2.04

1.555

1.56

2.27

%egatfve values indicate concentrated
‘night looations forwsrd of wing
elastic axfs.

.

.

.
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Figure l.- General view of test section and
gage locations.

model showing strain-
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(a) Weightl.

.

(b) WeigM2.

me 3-- Concentrated weights.
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(c) Weight 30

21
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(d) Weight 4.

Figure 3.- Continued.
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(e) Weight5.

fl~e 3.- Continued*
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(g) Wei@t 7a.

Figure 3.- Concluded.
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(a) Run 35. (b) Run 31.

Figure 5.- Motion-picture records of one cycle of flutter for
different weight positions.
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Figure 6.- Ed-plate installation.Note restrainingwires for

protecting model from destructivedivergence.
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